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EP0 537 609B1 

Description 

This invention relates generally to the oligomerlzation/trimerization of ethylene and more specifically to the prepa- 
ration of high quality linear a-olefins from ethylene using a catalyst which indudes an aluminoxane and a chromium 
5 complex containing a coordinating polydentate ligand, such as a 1 .4.7-triazacyclononane derivative. 

The preparation of linear. C4 to C30 a-olefin mixtures by ethylene chain growth process using triethylaluminum fbl- 
lowed by ethylene displacement is well known. The olefin type produced Is mainly a-olefins. i.e.. R-CHsCH2. where R 
Is an aliphatic hydrocartx)n group, but the product also contains lesser amounts of internal olefins, i.e., R-CHsCH-R, 
where R is an aliphatic hydrocarbon group, and vinylidene olefins, i.e., 

10 

R-C(=CH2)-R 

where R and R' are aliphatic hydrocarbon groups. When practiced to produce olefin mixtures containing up to 12 cart>on 
atoms, the mixtures are predominantly, i.e., 80 mole percent or more a-olefins. However when practiced to produce 

IS higher olefins, e.g., containing 14 or more carbon atoms, the amount of internal olefins, and espectally vinylidene de- 
fins, increases sharply such that in the C16-18 <^^'^^ range the olefin mixture will contain 20 to 55 mole percent vinyli- 
dene olefins and 5 to 20 mole percent internal olefins. In some uses the internal and vinylidene olefin content of the 
olefin mixtures is not detrimental. However, it is known that vinylidene olefins are readily sulfonated but the detergency 
and wetting performance of the derived sulfonates are inferior to those of sulfonates based on the corresponding linear 

20 a-olefins. Similar reservations apply to sulfonates of internal olefins. Also, as is well known, the reaction of a-olefins with 
HBr can lead to the 1 -bromo or to the 2-bromo derivative depending on the reaction conditions. In the detergent indus- 
try, the 1 -bromo derivatives are of more interest as they provide a route to dialkylamines and hence to amine oxides and 
quaternary amines. It is reported that any internal olefins present (which in principle are more reactive than a-olefins) 
will react to form internal bromides. Similarly, vinylidene olefins would rapidly add HBr. Hence, an impure a-olefin would 

25 lead ultimately to a tertiary amine containing a wide range of impurities. Thus, with products obtained t>y ethylene chain 
growth, a need often exists to separate internal and vinylidene olefins from mixtures containing vinyl, vinylidene and 
internal olefins which mixtures cannot be readily separated by distillation. 

EP-A-0 237 079 discloses a process for the trimerization of an olefin selected from ethylene, propylene. 1-butene 
and mixtures thereof comprising passing the olefin in contact with a catalyst comprising the reaction product of 

30 

(i) a chromium compound of the formula CrXn wherein X is an inorganic or organic radical and n is an integer from 
1to6. 

(ii) a hydrocarfoyi aluminum hydrolized with 0.8 to 1 .1 moles of water per mole of aluminum compound and 

35 

(iii) a ligand selected from hydrocarbyf isonitriles, amines and ethers wherein the aluminum to chromium mole ratio 
is in the range of up to 200 : 1 and the ligand to chromium nx)te ratio is in the range of up to about 100 : 1. 

Another problem with the chain growth process is that the commercial demand for 1-hexene often exceeds the 
40 amount which is obtainable from even the most favorable chain growth product distribution. 

An ethylene oligomerization process has now been found which produces high quality a-olefins which are unex- 
pectedly enriched in 1 -hexene. 

In accordance with this invention there is provided A process for preparing a-olefins, said process comprising oli- 
gomerizing ethylene in the presence of a catalyst comprising (a) a chromium complex containing a coordinating 
45 polydentate ligand and having the formula LCrXs or LCrX2 wherein L is a cyclic polyamine ligand represented by A-NR- 
B, where R is a Ci to Cio alkyi or a Ce to C20 aryl group, A represents the ring size and is an integer from 9 to 18 and 
B represents the number of N atoms in the ring and is an integer from 3 to 6, or a poly(pyrazolyl)t)orate anion of the type 
RBCPJa where R is a Ci to C10 alkyI group and is a pyrazole or a substituted pyrazole and X represents anions which 
can be the same or different and (b) an aluminoxane in an organic solvent at a temperature of from 35^C to 200''C and 
50 at an ethylene pressure of from atmospheric to 20.8 MPa (3000 psig). 

Also provided is A catalyst comprising (a) a chromium complex containing a coordinating polydentate ligand and 
having the formula LCrXs or LCrX2 wherein L is a cyclic polyamine ligand represented by A-NR-B, where R is a to 
C10 alkyI or a Ce to C20 aryl group. A represents the ring size and is an integer from 9 to 18 and B represents the 
number of N atoms in the ring and is an integer from 3 to 6 or a poly(pyrazolyl)borate anion of the type RB(P2}3 where 
55 R is a Ci to C10 a^M group and P2 is a pyrazole or a substituted pyrazole and X represents anions which can be the 
same or different and (b) an aluminoxane. 

Aluminoxanes for use in the process of the invention can be prepared as known in the art by reacting water or water 
containing materials with trialkylaluminum compounds in proporttons of from 0.5 to 1.2 equivalents of water and. pref- 
erably, 0.8 to 1.0 equivalent of water per equivalent of trialkylaluminum. For example. Manyik et al U.S. 3,300.458 pre- 
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pare alkylaluminoxane by passing a hydrocarbon solvent through water to form a wet hydrocarbon solvent and mixing 
the wet hydrocarbon solvent with an alkyi aluminum/hydrocarbon solvent mixture in a conduit. 

Schoenthal et al. U.S. 4,730,071 show the preparation of methylaluminoxane by dispersing water in toluene using 
an ultrasonic bath and then adding a toluene solution of trimethyl aluminum to the dispersion. Schoenthal et al U.S. 
5 4,730,072 is similar except it uses a high speed, high shear-inducing impeller to form the water dispersion. 

Edward et al. U.S. 4.772,736 describe an alumlnoxane process in which water is introduced below the surface of a 
solution of hydrocarbyt aluminum adjacent to a stinger which serves to immedately disperse the water in the hydrocar- 
bon solution. 

The preparation of alkyI aluminoxanes from R2AIOIJ formed by reacting AIR3 and anhydrous lithium hydroxide, and 
10 R2AICI has been reported in the literature, for example, Ueyama et al.. Inorganic Chemistry. 12. No. 10. 2218 (1973) 
and Aoyazi et al.. Inorganic chemistry. 1£, No. 11 , 2702 (1973). 

Sinn et al. US. 4.404.344 prepare methylaluminoxane by adding trimethyl aluminum to a slurry of CuS04"5H20 
in toluene. Introducing water as a metal hydrate controls its reactivity with the trimethyl aluminum. Kaminsky et al. U.S. 
4,544,762 is similar except it uses an aluminum sulfate salt hydrate to supply the water. Likewise. Welborn et al. U.S. 
IS 4.665.208 describe the use of other metal salt hydrates such as FeS04 • 7H2O as a water source in preparing aluml- 
noxane. 

Hydrocarbylaluminoxanes may exist in the form of linear or cyclic polymers with the simplest compounds being a 
tetraalkylaluminoxane such as tetraethylaluminoxane. (C2H5)2AIOAI(C2H5)2. The compounds prefered for use are pre- 
pared from hydrocarbylaluminum compounds in which the alkyI groups contain an even number of cartx>n atoms, e.g.. 

20 2, 4, 6, 8, or 10, etc. Using methylaluminoxane can result In a-delin mixtures which contain odd cart)on nunrtber a-defin 
impurities and tends to produce products having longer chain lengths. Prefen-ed aluminoxanes are prepared from tri- 
alkyl aluminum compounds such as tri ethyl aluminum, triisobutyl aluminum, tri-n-hexyl aluminum, and tri-octyl alumi- 
num. Of these, the more prefenred are the compounds having Ce or higher alkyI groups which have better solubility in 
the hydrocarbon solvent reaction medium. The aluminoxanes used to form the catalyst are preferak)ly contained in 

25 organic solvents in concentrations of from 0.3 to 30 weight percent of total solvent plus alumlnaxana 

A trialkylaluminum compound can also be included in the catalyst (0.1 to 1 .0 mole per mole of aluminoxane). 
The chromium complexes which, upon mixing with an aluminoxane, catalyze ethylene oligomerization and trimeri- 
zation in accordance with the process of the invention are represented by the formula: LCrXs or LCrX2, where L Is a 
coordinating polydentate ligand and X represents anions which can be the same or different. 

30 By a coordinating ligand is meant that the ligand sterically encumbers the chromium atom to such an extent that 
the rate of chain propagation is decreased so that oligomerization rather than polymerization occurs. For example, lig- 
ands which occupy three neighboring coordinatton sites about an octahedral chromium atom. The coordinating 
polydentate ligands used are cyclic polyamine ligands which are represented by the abbreviation: A-NR-B. where A 
represents the ring size and is an integer of 9 to 18, B represents the number of N atoms in the ring and is an integer 

35 of 3 to 6, and R is a Ci to C10 alkyl group such as a methyl, ethyl, propyl, butyl, pentyl, hexyl or higher alkyI group or a 
Ce to C20 aromatic group such as benzyl. The abbreviations, such as 9-NR-3. 10-NR-3. or 12-NR-4, used for the amine 
ligands correspond to those used for crown ethers because they are their nitrogen analogues. For example, 9-NR-3 
denotes a nine men^ered ring with 3 nitrogens. The most preferred coordinating polydentate ligands are facially coor- 
dinating tridentate ligands such as 9-NMe-3. Such sterically demanding ligands permit both ethylene oligomerization 

40 and trtmerization while inhibiting ethylene polymerization. Other suitable facially coordinating tridentate ligands include 
poly-(pyrazolyl) borates of the type: RB(P2)3 anions, where R is as defined above and P2 is pyrazole or a substituted 
pyrazole such as 3,5-dimethyl pyrazole (see P. Trofimenko. Proa. Inoro. Chem. 1986, 34. 115-210. By polydentate is 
meant that the ligand contains multiple donor atoms for coordination with chromium. 

Examples of suitable anions, X, include, but are not limited to, hafides (Cr, Br, r, P), alKoxkies (OR'), carboxylates 

45 (O2CR'), or 0x0(0'^. These anions are initially the anion portion of the chromium compounds used to make the com- 
plex. The chromium In the compounds is initially in the oxidation state of 0 to VI and is preferably in the oxidation state 
of II, III or IV. Suitable chromium compounds are those which will provide the complex with active catalytic species for 
the oligomerization/trimerization reaction under the reaction conditions. For example: those which provide chromium 
complexes such as (9-NMe-3)CrCl3, HB(3,5-Me2P)3CrCl3. [{14-NH-4)CrCl2]CI (or oxo-bridged dimer such as 

50 [LCrCt2]20, where L is a tetradentate ligand), (9-NMe-3)Cr(OR)3, (9-NMe-3)Cr(02CR)3, and (9-NMe-3)Cr03. 

Preferred ligands for compiexing with the chromium compounds are the alkyl substituted 1 .4,7-triazacyclononanes. 
For example. 1 ,4,7-trialkyl 1 ,4,7-triazanonane8 which have the structure: 
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IS where each R can be the same or different to C^o a'M or Cg to C20 aromatic groups. All especially preferred ligand 
Is 1 ,4,7-trimethyl-1 ,4,7-triazanonane. This ligand is commercially available. 

The chromium complexes can be prepared according to procedures set forth in the literature. For example (9-NMe- 
3)CrCl3. where Me is methyl, as per K. Wieghart et al., Inorq . Chem. 1982, 2L 3086 and (9-NMe-3)CrBr3 as per P. 
Chaudhuri et al.. Inorq . Chem. 1987. 26, 3302. 

20 The chromium complex and aluminoxane are combined in proportions to provide Al/Cr molar ratios of from 1 :1 to 
10.000 to 1 and, preferably, from 5:1 to 500 to 1 . For longer catalyst life, the catalyst components are combined in situ 
under ethylene pressure just prior to use in the oligomerization/trimerization reaction. AnxDunts of 0.001 mmole or nx)re 
of chromium catalyst are effective to catalyze the reaction. 

The reaction Is carried out in an inert solvent Any inert solvent can be used. The preferred solvents are aliphatic 

25 and aromatic hydrocarbons and halogenated hydrocarbons such as. for example, toluene, xylene, ethylbenzene, 
cumene, mesitylene, heptarie, cyclohexane, methylcyclohexane, 1 -hexene, 1 -octene, chlorobenzene, and dichloroben- 
zene. The amount of solvent is not particularly critical and generally ranges from 50 to 99 wt.percent of the Initial reac- 
tion mixture. 

Reaction temperatures and pressures affect the chain length of the product and are selected to optimize the 
30 amount of the desired products. Higher temperatures provide lower carbon number products and higher ethylene pres- 
sures favor the production of longer chain length products Including some polyethylene. Reaction temperatures range 
from 35"" to 200^*0 and, preferably, 95*' to ISO'^C. Ethylene pressures range from atmospheric to 20.8 MPa (3000 psig) 
and, preferably 0.79 - 10.35 MPa (100-1500 psig.) 

The process produces chain growth products which are a Schulz-Flory distribution of 04*030 a-olefins except that 
35 1 -hexene is selectively enriched which provides an economically attractive means of producing this a-olefin which is a 
widely used comonomer in linear low density polyethylene production. The process has the further advantage of pro- 
ducing a-olefin products without the formation of significant amounts of vinylidenes or polyethylene which tends to 
deactivate the catalyst and cause other operational problems.' 

Besides oligomeriztng ethylene, co-oligomers of ethylene with minor amounts of other a-olefins such as propylene 
40 or butene-1 can also be prepared. 

The invention is further illustrated by, but is not intended to be limited, to the following examples. 
All operations involving the use of catalyst components were conducted under an inert atmosphere. Heptane, chlo- 
robenzene, and toluene were freshly distilled under nitrogen from calcium hydride, phosphorus pentoxide. and sodium 
benzophenone ketyt, respectively. Triisobutylaluminum, trihexylaluminum and methylaluminoxane were commercial 
45 products of Ethyl Corporation and were used as received. 1 ,4,7-trimethyl-1 ,4.7-triazacyclononane (9-NMe-3), 1 •4,7-tri- 
azacyclononane (9-NH-3). and 1 ,4.7-trithiacyclononane (9-S-3) were purchased from Aldrich and used as received. (9- 
NMe-3)CrCl3, (9-NMe-3)CrBr3. (9-NH-3)Cr(CO)3, and CrCl3 • 3Pyridine were prepared according to literature proce- 
dures. Ethylene is polymer grade from Matheson and was used without further purification. 

so Preparation of n-Hexylaluminoxane. NHAQ 

The reaction was carried out in an 1 L three-necked round-bottom Morton flask equipped with a mechanical stirrer, 
a thermometer, and a rubber septum. To this flask containing a solution of trihexylaluminum (59.3 g, 0.200mol) in tolu- 
ene (129 g) with vigorous stirring, was added distilled water (3.10 ml. H2O/AI molar ratio = 0.86) using a syringe pump 
55 over a period of 45 minutes. The temperature was maintained at 10-15''C by applying an ice bath. After water addition 
was complete, the solution was stinred at SO'^C for one additional hour and then allowed to air cool slowly. Since there 
was little or no insoluble material formed, a quantitative yield is assumed and Al wt percent is calculated to be 2.87 % 
which agrees well with analysis. The solution was transferred and stored under Inert atmosphere for subsequent reac- 
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tions. The NHAO solution thus obtained remained active after up to 6 months of its preparation. The isobutylafuminox- 
ane solutions (IBAO) were prepared analogously except in n-heptane instead of in toluene. 

Ethylene Qlipomerization (Examples 1 - 15 and Comparisons 1-4) 

5 

All reactions in Table I, unless othenmse noted, were earned out using the following exemplary procedures in which 
the specific process parameters and results described are those of Example 4. 

Into a 300 ml Parr reactor equipped with a stirring shaft, a thermocouple, a dip tube and a cooling coil was charged 
in a drybox a mixture of (9-NMe-3)CrCl3 (33 mg. 0.1 mmol), pentadecene (0.36 g, as internal reference for GC analy- 

10 sis), and toluene (100 ml). Into a 75 ml charging-bomb, which was connected to the dip tube of the Parr reactor at one 
end. was charged the above-prepared NHAO in toluene (7.53 g solution, 8.0 mmol Al). After sealing, the charging- 
bomb-connected reactor was transfen-ed out of the drytx)x. connected to an ethylene cylinder at the other end of the 
charging-bomb. and heated to 1 0S'^C. Catalyst component mixing was carried out by pressing the NHAO solution in the 
charging-bomb into the reactor using ethylene gas, and in the meantime, the reactor was pressurized. The ethylene oli- 

15 gomerization reaction proceeded immediately at 105^*0 under 3.03 MPa (425 psig) ethylene pressure and was contin- 
ued for 30 minutes with constant ethylene feeding to maintain the pressure. The reaction was then terminated by 
pressing an aqueous solution of potassium hydroxide into the reactor to deactivate the catalyst. Ethylene consumption 
was 32 grams as determined by weighing the ethylene cylinder. The reactor was then cooled to <10°C. vented and a 
sample was withdrawn for capillary GC analysis which showed a product distribution (weight percenQ as follows: 

20 04.-9.4%, 06:39.3%, 08:10.0%. Oio:8.S%, Oi2:6.9%. 014:6.0%. Oi6:5.0%. Ci8:4.0%. 02o.,:10.9%. The weight of Os- 
C18 fractions was used to calculate Schulz-Rory distribution coefficient p (=0.41) by fitting the following simplified 
Schulz-Flory equation: 

Xp = p/(UP)P 

25 

where Xp s mole fraction of C2P+2 olefin 

The weight of C4 and C2o^ fractions was then obtained by extrapolation from Schulz-Flory distribution. The weight 
of Ce fraction was calculated using measured response factor which was obtained from mimic experiments to simulate 
the operational loss. The selectivity of linear a-defin was 85-95% with major impurities being paraffins, internal olefins 
30 and cyclic olefins. 
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Comparison 1 shows that for any given system at too low a temperature, only polymer results. Comparisons 2-4 
show the need for alky! sut)stitution of the heteroatoms to provide an effective coordinating polydentate ligand in the 
chromium complex which provides ollgomerization rather than polymerization. Oligomerization is believed to result from 
the difficult access of ethylene to the active catalyst sites which is afforded by such polydentate ligands. The amount of 
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Cg actually produced (trimerization) is. as shown by the last two columns in Table I, much greater than what is predicted 
by calculation. Also, the process of the invention favors the production of lower carbon number products compared to 
the prior art chain growth process on aluminum alkyls which provides products with a Poisson distribution of carbon 
numbers. When the prior art process is operated to peak the Poisson distribution at the lower carbon numbers (Ce-Cg) 
5 the products stilt include large amounts of the long chain olefin (C^ o+) and such products contain significant amounts of 
undesirable vinylidene isomers of such long chain olefins. 

Claims 

10 1. A process for preparing a-olefins, said process comprising oligomerizing ethylene in the presence of a catalyst 
comprising (a) a chromium complex containing a coordinating polydentate llgand and having the formula LCrXa or 
LCrXa wherein L Is a cyclic polyamine ligand represented by A-NR-B. where R is a Ci to C^o alkyi or a Cg to C20 
aryl group. A represents the ring size and is an integer from 9 to 1 8 and B represents the number of N atoms in the 
ring and is an integer from 3 to 6, or a poly(pyrazolyl)borate anion of the type RB(P J3 where R is a to C^o alkyl 

IS group and P2 is a pyrazole or a substituted pyrazole and X represents anions which can be the same or different 
and (b) an aluminoxane in an organic solvent at a temperature of from ZS^'C to 200''C and at an ethylene pressure 
of from atmospheric to 20.8 MPa (3000 psig). 

2. The process of daim 1 wherein said llgand is a 1 ,4,7-trialkyl-1 .4,7-trlazacyclononane. 

20 

3. The process of claim 1 wherein the catalyst is formed by combining the chromium complex and the alunvnoxane in 
an ethylene atmosphere. 

4. The process of any of the preceding claims wherein the aluminoxane is a tetraalkylaluminoxane in which the alkyl 
25 groups each contain an even number of carbon atoms. 

5. A catalyst comprising (a) a chromium complex containing a coordinating polydentate ligand and having the formula 
LCrXa or LCrX2 wherein L is a cyclic polyamine ligand represented by A-NR-B, where R Is a Ci to C^o alkyl or a Ce 
to C20 aryl group, A represents the ring size and is an integer from 9 to 1 8 and B represents the number of N atoms 

30 in the ring and is an integer from 3 to 6. or a poly(pyrazotyl)borate anion of the type RB(Pz)3 where R is a Ci to C10 
alkyl group and P2 is a pyrazole or a substituted pyrazole and X represents anions which can t>e the same or drf> 
ferent and (b) an aluminoxane. 

6. The catalyst of claim 5 wherein said ligand is a 1 ,4.7-trialkyl-1 ,4,7-triazacyciononane. 

35 

7. The catalyst of daim 5 or 6 wherein the aluminoxane is a tetraalkylaluminoxane in which the alkyl groups each con- 
tain an even number of cartx>n atoms. 

PatentansprOche 

40 

1. Verfahren zur Herstellung von a-Olefinen. bei dem man Ethylen in Gegenwart eines Katalysators mit foigenden 
Bestandteilen: 

(a) einem Chromkonrplex, der einen koordinierenden Polydentatliganden enthdit und der Formel LCrXs Oder 
45 LCrX2 entspricht. in der L ein durch A-NR-B dargestellter cyclischer Polyaminligand ist. wobei R eine bis 

Cio-Alkyl- Oder eine C5 bis C2o-Arylgruppe ist, A die RinggrGBe angibt und eine ganze Zahl von 9 bis 18 ist 
und B die Anzahl von N-Atomen im Ring angibt und eine ganze Zahl von 3 bis 6 ist, Oder ein Poly(pyrazo- 
lyl)boratanion des Typs RB(P2)3 ist. wobei R eine bis Cio-Alkylgruppe ist und P2 ein Pyrazol Oder ein sub- 
stituiertes Pyrazol bedeutet und X Anionen darstellt. die glelch Oder verschieden sein kOnnen. und 

50 

(b) einem Aluminoxan 

in einem organischen LOsungsmittel bei einer Temperatur von 35 bis 200^0 und einem Ethylendruck von atmo- 
sphdrischem Druck bis 20,8 MPa (3000 psig) ollgomerisiert. 

55 

2. Verfahren nach Anspruch 1 . bei dem der Ugand ein 1 .4,7-Trialkyl-1 ,4.7-triazacydononan ist. 

3. Verfahren nach Anspruch 1, bei dem der Katalysator durch Kombinieren des Chromkomplexes und des Alu- 
minoxans in einer Ethylenatmosphdre hergestellt wird. 



9 



EP0 537 609B1 

4. Verfahren nach einem der vorstehenden Anspruche. bei dem das Aiuminoxan ein Tetraalkylaluminoxan ist. in dem 
die Alkylgruppen jeweils eine gerade Zahl von Kbhienstoffatomen enthalten. 

5. Katalysator mit 

5 

(a) einem Chromkomplex, der einen koordinierenden Polydentatliganden enthait und der Formel LCrXs Oder 
LCrX2 entspricht. in der L ein durch A-NR-B dargesteltter cydischer Polyaminligand ist. wobei R eine bis 
Cio'Alk/f- Oder eine Ce bis Cgo-Arylgruppe ist. A die RinggrOBe angibt und eine ganze Zahl von 9 bis 18 ist 
und B die Anzahl von N-Atomen im Ring angibt und eine ganze Zahl von 3 bis 6 ist. Oder ein Poly(pyrazo- 

10 lyl)boratanion des Typs RB(P2)3 ist, wobei R eine bis CiQ-Alkylgruppe ist und ein Pyrazol Oder ein sub- 

stltuiertes Pyrazol bedeutel und X Anionen darstellt. die gleich oder verschieden sein kOnnen. und 

(b) einem Aiuminoxan. 

IS 6. Katalysator nach Anspruch 5. bei dem der Ligand ein 1 .4.7-Trialkyl-l .4,7-triazacyclononan ist. 

7. Katalysator nach Anspruch 5 Oder 6, bei dem das Aiuminoxan ein Tetraalkylaluminoxan ist, in dem die Alkylgrup- 
pen jeweils eine gerade Zahl von KoNenstoffatomen enthalten. 

20 Revendlcatlons 

1. Proc6d6 de production d'a-ol6fines. qui comprend Toligom^risation d'^thyl^ne en presence d'un catalyseur com* 
prenant (a) un oompiexe de chrome contenant un ligand polydent6 de coordination et r^pondant k la tbrmule LCrXs 
ou LCrX2 dans laquelle L est un ligand polyamin^ cyclique repr^sent^ par la formula A-NR-B. dans laquelle R est 

25 un groupe alkyle en Ct ^ C^o ou un groi^e aryie en Ce ^ C20. A repr6sente la grandeur du noyau et est un nombre 
entier de 9 §i 18 et B repr^sente le nombre d'atomes d'azote dans le noyau et est un nombre entier de 3 ^ 6, ou un 
anion poiy(pyrazolyl)borate du type RB(P2)3 ou R est un groupe alkyle en ^ C^q et P2 est un pyrazole ou un pyra- 
zole substitu^ et X repr^sente des anions qui peuvent §tre identiques ou diff^rents, et (b) un aluminoxane. dans un 
solvant organique d une temperature de SS^'C k 200''C et k une pression d'^thyldne allant de la pression atmos- 

30 ph6rlque k une pression manomdtrlque de 20.8 MPa (3000 Ib/in^. 

2. Proc6d6 suivant la revendication 1 , dans lequel le ligand est le 1 ,4.7-trialkyl-1 ,4.7>trlazacyclononane. 

3. ProcM6 suivant la revendication 1. dans lequel le catalyseur est fbrm6 par reunion du complexe de chrome et de 
35 Taluminoxane dans une atmosphere d'6thyiene. 

4. Precede suivant Tune quelconque des revendications precedentes. dans lequel I'aluminoxane est un tetralkylalu- 
minoxane dont les groupes alkyle contiennent chacun un nombre pair d'atomes de cartx>ne. 

40 5. Catalyseur comprenant (a) un complexe de chrome contenant un ligand polydente de coordination et repondant k 
la formula LCrXs ou LCrX2 dans laquelle L est un ligand potyamine cyclique represente par la formula A-NR-B. 
dans laquelle R est un groupe alkyle en k C^o ou un groupe aryle en Ce k C20. A represente la grandeur du 
noyau et est un nombre entier de 9 ^ 18 et B represente le nombre d'atomes d'azote dans le noyau et est un nom- 
bre entier de 3 d 6, ou un anion poly(pyrazolyl)borate du type RB(P2)3 dans laquelle R est un groupe alkyle en 

45 d C^o et P2 est un pyrazole ou un pyrazole substitue et X represente des anions qui peuvent etre identiques ou dif- 
ferents. et (b) un aluminaxane. 

6. Catalyseur suivant la revendication 5. dans lequel le ligand est un 1 ,4,7-trialkyl-1 .4.7-triazacyciononane. 

50 7. Catalyseur suivant la revendication 5 ou 6. dans lequel Talumininoxane est un tetraalkylaluminoxane dont les grou- 
pes alkyle contiennent chacun un nombre pair d'atomes de cartx>ne. 
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